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be induced to differentiate with little or no latent period 

POTENT INDUCERS OF TERMINAL (26). 

DIFFERENTIATION AND METHODS OF USE HMBA is capable of inducing phenotypic changes 

THEREOF consistent with differentiation in a broad variety of cells 

5 lines (5). The characteristics of the drug induced effect 

BACKGROUND OF THE INVENTION have been most extensively studied in the murine eryth- 

Throughout this application various publications are roleukemia cell system (MELC) (5,25,27,28). MELC 

referenced by arabic numerals within parentheses. Full induction of differentiation is both time and concentra- 

citations for these publications may be found at the end _ tion dependent The minimum concentration required 

of the specification immediately preceding the claims. 10 to demonstrate an effect in vitro m most strains is 2 to 3 

The disclosures of these publications in their entireties mM; the minimum duration of continuous exposure 

are hereby incorporated by reference into this applica- generally required to induce differentiation m a substan- 

tion in order to more fully describe the state of the art to rial portion (>20%) of the population without continu- 

which this invention pertains. ing drug exposure is about 36 hours. 

Cancer is a disorder in which a population of cells has 15 The primary target of action of HMBA is not known, 
become, in varying degrees, unresponsive to the control There is evidence that protein kinase C is involved in 
mechanisms which normally govern proliferation and the pathway of inducer-mediated differentiation (29). 
differentiation. For many years there have been two The in vitro studies provided a basis for evaluating the 
principal strategies for chemotherapeutic treatment of potential of HMBA as a cytodifferentiation agent in the 
cancer: a) blocking hormone-dependent tumor cell pro- 20 treatment of human cancers (30). Several phase I clini- 
liferation by interference with the production or periph- cal trials with HMBA have been completed (31-36). 
era! action of sex hormones; and b) lolling cancer cells Clinical trials have shown that this compound can in- 
directly by exposing them to cytotoxic substances, duce a therapeutic response in patients with cancer 
which injure both neoplastic and normal cell popula- (35,36). However, these phase I clinical trials also have 
tions. 25 demonstrated that the potential efficacy of HMBA is 

Relatively recently, cancer therapy is also being at- limited, in part, by dose-related toxicity which prevents 

tempted by the induction of terminal differentiation of achieving optimal blood levels and by the need for 

the neoplastic cells (1). In cell culture models different!- intravenous administration of large quantities of the 

ation has been reported by exposure of cells to a variety agentj over pro ] on ged periods. 

of stimuli, including; cyclic AMP and retinoic acid 30 Recently, the present inventors have reported a num- 
(2,3), aclarubicin and other anthracyclines (4). ber of compounds related to HMBA with polar groups 
There is abundant evidence that neoplastic transfer- separated by apolar linkages that, on a molar basis, are 
mation does not necessarily destroy the potential of ^ active ^ Qr 1Q0 more active x ^ axi HMBA 
cancer cells to differentiate (1,5,6). There are many M a dass? however, it has been found that the 
examples of tumor cells which do not respond to the 35 symmetrical ^Wrs such as HMBA and related corn- 
normal regulators of proliferation and appear to be ^ m nQt the ^ ^differentiating agents, 
blocked in the expression of their differentiation pro- * ft has ^ expectedly been found that the best corn- 
gram, and yet can be induced to differentiate and cease pounds comprise two polar end groups separated by a 
replicating. A variety of agents, including some rela- fleribiechainofmethyle31 e groups, wherein one or both 
trvely simple polar compounds (5,7-9), derivatives of 40 . large hydrophobic group, 
vtamin D and retmoic ac^ (^^ ^ Preferably, the polar end groupf are different and only 
(13), growth factors (6,14) jPrtNKi <^> ™ one is a l4ehydrophobic^roup. These compounds are 
pronwters (17,18), and inhibitors of DNA or RNA ^ te) J a times more active than 
synthesis (4,19-24), can mduce ^ ^orrn^c^ ^ ^ more ^ ye ^ HMBA related 
lines and primary human tumor explants to express 45 

more differentiated characteristics. ^TO^w class of compounds of the present invention 

Early studies by the present ^ useful for selectively inducing terminal differen- 

senes of polar compounds that were effective mducers J Q f neoplastic cells and therefore aid in treatment 

of differentiation in a number of transformed cell hues WA . p 77 , 
(8,9). Of these, the most effective inducer, was the hy- 50 of tumors m P atients ' 

brid polar/apolar compound N,N'-hexamethylene SUMMARY OF THE INVENTION 

bisacetamide (mvffiA) (9). The ^^^^ The present invention provides the compound having 

compound to induce murine erythroleukemia cells 

(MELC) to undergo erythroid differentiation with sup- me structure: 

pression of oncogenicity has proved a useful model to 55 

study inducer-mediated differentiation of transformed *i S> 

cells (5,7-9). HMBA-induced MELC terminal ery- c— (CHii»— c 

throid differentiation is a multistep process. Upon addi- # \ 

tion of HMBA to MELC (745A-DS19) in culture, there ° Rz 
is a latent period of 10 to 12 hours before commitment 60 

to terrninal differentiation is detected. Commitment is wherein each of Ri and R 2 are independently the same 

defined as the capacity of cells to express terminal dif- as or different from each other; when Ri and R 2 are the 

ferentiation despite removal of inducer (25). Upon con- same, each is a substituted or unsubstituted arylammo, 

tinued exposure to HMBA there is progressive recruit- cycloalkylamino, pyridineamino, pipendino, 9-punne- 

ment of cells to differentiate. The present inventors 65 6-amine, or tMozoleamino group; when Ri and R2 are 

have reported that MELC cell lines made resistant to different, R1—R3 — N — R4, wherein each of R3 and R4 

relatively low levels of vincristine become markedly are independently the same as or different from each 

more sensitive to the inducing action of HMBA and can other and are a hydrogen atom, a hydroxyl group, a 
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substituted or unsubstituted, branched or unbranched kylarylamino, alkyloxyarnino, aryloxyamino, alkylox- 

alkyl, alkenyl, cycloalkyl, aryl, alkyloxy, aryloxy, ary- yalkylaooino, or aryloxyalkylamino group; each of Rj 

lalkyloxy, or pyridine group, or R3 and R4 bond to- and R2are independently the same as or different from 

gether to form a piperidine group and R2 is a hydrox- ot h er m ^ m a hydrogen atom, a hydroxy! group, 

ylamino, hydroxyl, amino, alkylamino, dialkylamino or 5 a substituted or unsubstituted alkyl, aryl, alkyloxy, or 

alkyloxy group; and n is an integer from about 4 to aryloxy group; and each of m, n, and o are indepen- 

about 8 - » « « 3 dently the same as or different from each other and are 

,wEtS f° ^ tbe each an integer from about 0 to about 8. 

abovehavmgthestructure: „ present invention stUl farther provide the com- 



R 3 -N 



pound having the structure: 



\ # OO / \ O < 

X R t X=J R 2 



wherein each of R3 and R4 are independently the same 

as or different from each other and are a hydrogen wherein each of X and Y are independently the same as 

atom, a hydroxyl group, a substituted or unsubstituted, or different from each other and are a hydroxyl, amino 
branched or unbranched alkyl, alkenyl, cycloalkyl, aryl, 20 or hydroxylamino group, a substituted or unsubstituted 

alkyloxy, aryloxy, arylalkyloxy, or pyridine group, or alkyloxy, alkylamino, dialkylamino, arylamino, al- 

R3 and R4 bond together to form a piperidine group; R2 kylarylamino, alkyloxyamino, aryloxyamino, alkylox- 

M? is a hydroxylamino, hydroxyl, amino, alkylamino, dial- yalkylamino, or aryloxyalkylamino group; each of Ri 

f=\ kylamino or alkyloxy group; and n is an integer from and R2 are independently the same as or different from 

2 about 4 to about 8. 25 each other and are a hydrogen atom, a hydroxyl group, 

t-Ji The present invention also provides the compound a substituted or unsubstituted alkyl, aryl, alkyloxy, or 

p above having the structure: aryloxy group; and each of m and n are independently 

the same as or different from each other and are each an 

R v J* , 0 integer from about 0 to about 8. 

JJ c— (CH2)«— c The present invention also provides the compound 

= % # \ having the structure: 

O R 

f 8 * wherein R is a substituted or unsubstituted aiylamino, °L ^ ^ ° ^° 

s cycloalkylamino, pyridineamino, piperidino, 9-purine- 35 c^-CH^C—NH— c — ry— C— NH— C-f- C 

: , 6-amine, or thiozoleamino group; and n is an integer / «^ \ 

H ; from about 4 to about 8. x Y 

hsk The present invention also provides the compound . . . 

L. having the structure: wherein each of X and Y are independently the same as 

O 40 or different from each other and are a hydroxyl, amino 

B; O O o o or hydroxylamino group, a substituted or unsubstituted 

y f % II II # alkyloxy, alkylamino, dialkylamino, aryiairuno, al- 

flj , P~ (CH^m— C— N— c— (CH2)«— kylarylamino, alkyloxyamino, a^loxyamino, alkylox- 

yr, x R v yalkylamino, or aryloxyalkylamino group; and each of 

' ~ 45 m and n are independently the same as or different from 

wherein each of X and Y are independently the same as each other and are each an integer from about 0 to about 

or different from each other and are a hydroxyl, amino 8. 

or hydroxylamino group, a substituted or unsubstituted The present invention also provides the compound 
alkyloxy, alkylamino, dialkylamino, arylamino, al- having the structure: 
kylarylamino, alkyloxyamino, aryloxyamino, alkylox- 50 
yalkylamino, or aryloxyalkylamino group; R is a hydro- 
gen atom, a hydroxyl group, a substituted or unsubsti- o Ri / \ R2 o 
tuted alkyl, aryl, alkyloxy, or aryloxy group; and each c- (CHz^—c—N—f \-N-c-<CH2) n -c 

of m and n are independently the same as or different / II \ / II \ 

from each other and are each an integer from about 0 to 55 x 0 >— ' o Y 

about 8. 

The present invention further provides the com- wherein each of X and Y are independently the same as 
pound having the structure: * or different from each other and are a hydroxyl, amino 

or hydroxylamino group, a substituted or unsubstituted 
Q 0 0 o 60 sUkyloxy, alkylamino, oMkylamino, arylamino, al- 

% ft D # kylarylamino, alkyloxyamino, aryloxyamino, alkylox- 

C— (CH2) m — C— N— (CH2>« — C— (CH2>o-"C yalkylamino, or aryloxyalkylamino group; each of Ri 

x Ri R 2 y and R2 are independently the same as or different from 

each other and are a hydrogen atom, a hydroxyl group, 
wherein each of X and Y are independently the same as 65 a substituted or unsubstituted alkyl, aryl, alkyloxy, or 
or different from each other and are a hydroxyl, amino aryloxy group; and each of m and n are independently 
or hydroxylamino group, a substituted or unsubstituted the same as or different from each other and are each an 
alkyloxy, alkylamino, dialkylamino, arylamino, al- integer from about 0 to about 8. 
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The present invention further provides the com- 
pound having the structure: 



^C-C-(CH2)„-C-C^ ° N ' K2 

x Y wherein each of Ri and R2 are independently the same 

• t. * v JV • j j *i . ™~ „o as or different from each other and are a hydroxy!, 

kylarylamino, ^^^'^^^^^ ^addition, the present invention provides a method 
SSl^taT ^ K 15 of selectively inducing terminal differentiation of nee 

"l££Z Mte provides the com- Pi-*» and thereby inhibiting proliferation of such 
pound E ft^cture: which ****** contacting the cells under smt- 

^ 5 able conditions with an effective amount of any of the 

compounds above, effective to selectively induce termi- 

°^ Y f 20 nal differentiation. 

C— {CRihi— C— (CH2)«— c The present invention also provides a method of 

y/ \^ y treating a patient having a tumor characterized by pro- 

liferation of neoplastic cells which comprises adminis- 
wherein each of X and Y are independently the same as „ tering to the patient an effective amount of any of die 
or different from each other and are a hydroxyl, amino 25 compounds above, effective to selectively mducetermi- 
or hydroxylamino group, a substituted or unsubstituted nal differentiation of such neoplastic cells and thereby 
alkyloxy, alkylamino, dialkylarnino, arylamino, al- inhibit their proliferation. f 
kylarylarnino, alkyloxyainino, aryloxyamino, alkylox- Las% the present invention provides a pharmaceuti- 
yalkylarnino, or aiyloxyalkylamino group; each of Ri 30 cal composition comprising a pharmaceutically accept- 
and R 2 are independently the same as or different from able carrier and a therapeutically acceptable amount of 
each other and are a hydrogen atom, a hydroxyl group, any of the compounds above, 
a substituted or unsubstituted alkyl, aryl, alkyloxy, aryl- . DETAILED DESCRIPTION OF THE 

oxy, carbony&ydroxylamino, or fluoro group; and each ~ INVENTION 

of m and n are independently the same as or different 35 

from each other and are each an integer from about 0 to The present invention provides the compound having 



about 8. 

The present invention also provides the compound 
having the structure: Ri 



40 



the structure: 



c-<CH2),r-c 
# \ 

O R 2 



/ \ _/ \ R wherein each of Ri and R2 are independently the same 

1 ^ 2 45 as or different from each other; when Ri and R2 are the 

, _ _ .j , ^ ^ same, each is a substituted or unsubstituted arylamino, 

wheretneach of R, and R 2 are mdependently : same ^ pyridineamino, piperidino, 9-purine- 

as or different from each other and are a hydroxy , ^ * tMoioleamino grouK when R, and R 2 are 
alkyloxy, ammo, hydroxylamino, alkylamino, dialkyl- ,.^T^ ' \1 7 vTt . , rTl , ^ 

armnof arylamino, lylar^larnino, all^loxyammo, ary- ^ ^ent, Ri-M-R* wherem e^h of R^dK4 
loxyamino, alkyloxyaiylamino, or aryloxyalkylamino 50 *f independently *e same as or duTerent from each 
' other and are a hydrogen atom, a hydroxyl group, a 

The present invention also provides the compound substituted or unsubstituted, branched or untouched 
having the structure: ^ alkyloxy, aryloxy, ary- 

lalkyloxy, or pyridino group, or R3 and R4 bond to- 
55 gether to form a piperidine group and R2 is a hydrox- 
Ri j* \ S> ylamino, hydroxyl, amino, alkylamino, dialkylarnino or 

c-ch=ch— i \-CH=CH— c alkyloxy group; and n is an integer from about 4 to 

# \ / \ about 8. 

0 N====/ 2 The present invention also provides the compound 

, , , 60 above having the structure: 

wherein each of Ri and R2 are independently the same 
as or different from each other and are a hydroxyl, 
alkyloxy, amino, hydroxylamino, alkylamino, dialkyl- 

amino, arylamino, alkylarylamino, alkyloxyamino, ary- R3 N o 

loxyamino, alkyloxyalkylamino, or aryloxyalkylamino 65 c-(CE^--C 
group. # \ 

The present invention further provides the com- O R 2 

pound having the structure: 
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wherein each of R3 and R4 are independently the same 

as or different from each other and are a hydrogen o o o o 

atom, a hydroxyl group, a substituted or unsubstituted, c— (CH2)m-c— N— c— (CH2> n — c 

branched or unbranched alkyl, alkenyl, cycloalkyl, aryl, $ / R \ y 
alkyloxy, aryloxy, arylalkyloxy, or pyridine group, or 

R 3 and R4bond together to form a piperidine group; R 2 wnerein ^ 0 f X and Y are independently the same as 

is a hydroxylamino, hydroxyl, amino, alkylamino, dial- Qr different from ^ othe r and are a hydroxyl, amino 

kylamino or alkyloxy group; and n is an integer from or hy^oxyianuno group, a substituted or unsubstituted 

about 4 to about 8. 10 alkyloxy, alkylamino, dialkylamino, arylamino, al- 

In the preferred embodiment of the compound above, icylarylamino, alkyloxyamino, aryloxyamino, alkylox- 

R2 is a hydroxylamino, hydroxyl, amino, methylamino, yalkylamino, or aryloxyalkylamino group; R is a hydro- 

dlmethylamino, or raethyoxy group and n is 6. Most gen atom, a hydroxyl group, a substituted or unsubsti- 

preferably, R4 is a hydrogen atom and R3 is a substituted tuted alkyl, aryl, alkyloxy, or aryloxy-group; and each 

or unsubstituted phenyl group. 15 of m and n are independently the same as or different 

The phenyl group may be substituted with a methyl, from each other and are each an integer from about 0 to 

cyano, nitro, trifluoromethyl, amino, aminocarbonyl, about 8. 

methylcyano, chloro, fluoro, bromo, iodo, 2,3-difluoro, In the preferred embodiment of the compound above, 

2,4-difluoro, 2,5-difluoro, 3,4-difluoro, 3,5-dffluoro, 2,6- 20 each of X, Y, and R is a hydroxyl group and each of m 

difluoro, 1,2,3-trifluoro, 2,3,6-trifluoro, 2,4,6-trifluoro, and 11 is 5. , , _ . 

ITl^ok 2,3,5,6-^fluoro, 2,3,4,5,6-pentatluoro, The pre^nt mventxon also proves the compound 

U= azido, hexyl, t-butyl, phenyl, carboxyl, hydroxyl, me- havm g ™ structure. 

as* thyoxy, benzyloxy, phenylaminooxy, phenylmethoxy, 

y phenylanunocarbonyl, methyoxycarbonyl, me- 25 o o | / 

O mylarninocarbonyl, dmiethylamino, dimethylaminocar- c-(CH2) OT ~ c— N— (CH2)„-N-c— (CH2) 0 -C^ 

Q bonyl, or hydroxylaminocarbonyl group. y/ ^ R2 y 

In other preferred embodiments of the compound 

:; F above, R4 is a hydrogen atom and R3 is a cyclohexyl 3Q wnerem each 0 f X and Y are independently the same as 

«f= group; R4 is a hydrogen atom and R3 is a methyoxy or different from each other and are a hydroxyl, amino 

jjg. group; R3 and R4 each bond together to form a piped- or hydroxylamino group, a substituted or unsubstituted 

dine group; R4 is a hydrogen atom and R3 is a hydroxyl alkyloxy, alkylamino, dialkylamino, aiylamino, al- 

H group; R4 is a hydrogen atom and R3 is a benzyloxy kylarylamino, aUcyloxyamino, aryloxyamino, alkylox- 

B group; R4 is a hydrogen atom and R3 is a 8-pyridine 35 yalkylamino, or aryloxyalkylamino group; each of Ri 

5 _ s group; R4 is a hydrogen atom and R3 is a /^-pyridine and R2 are independently the same as or different from 

H group- R4 is a hydrogen atom and R 3 is a a-pyridine each other and are a hydrogen atom, a hydroxyl group, 

ft* gr OU ' Rj and ^ are both methyl groups; or R4 is a a substituted or unsubstituted alkyl, aryl, alkyloxy, or 

n methyl group and R 3 is a phenyl group. aryloxy group; and each of m, n, and o are indepen- 
5! ^e p^Lnt invention L Jro^des the compound 40 dently the same as or deferent from each other and are 

% U . . \. dfn - tnHM each an integer from about 0 to about 8. 

^ me Rr ™ B ' In the preferred embodiment of the compound above, 

W * each of X and Y is a hydroxyl group and each of Ri and 

hk R J> R 2 is a methyl group. Most preferably, each of n and o 

C— {CH2V-C 45 is 6, and m is 2. 

# \ The present invention also provides the compound 

0 having the structure: 

wherein R is a substituted or unsubstituted arylamino, 

cycloalkylamino, pyridmeamino, piperidino, 9-purine- 50 o o j \ O o 

6-amine, or thiozoleamino group; and n is an integer c— (CH^—n-c—/ \-c-N-(CH2>*-c 

from about 4 to about 8. / I \ / * \ 

In the preferred embodiment of the compound above, x Kl 

55 wherein each of X and Y are independently the same as 

The phenyknnno group may be ^bs^ mA acy- 55 ^ fr ^ ^ ^ ^ ^ & hydroxyl ^ 

ano, methylcyano, mtro, carboxyl, ammocarbonyl, me- ^ h dl lsmiaQ „ a subst ituted or unsubstituted 

thylaminocarbonyl, dimethylaimnocarbonyl, tnfluoro- ^ loxyf alkylamino, dialkylamino, arylamino, al- 

methyl, hydroxylaminocarbonyl, N-hydroxylaimnocar- ^^lamino, alkyloxyamino, aryloxyamino, alkylox- 
bonyl, methoxycarbonyl, chloro, fluoro, methyl, me- ^ yajkyiamhio, or aryloxyalkylamino group; each of Ri 

thoxy, 2,3-difluoro, 2,3-difluoro, 2,4-difluoro, 2,5- and R2 are independently the same as or different from 

difluoro, 2, 6-difIuoro, 3,5-difluoro, 2,6-difluoro, 2,3,6- otner and are a hydrogen atom, a hydroxyl group, 

trifluoro, 1,2,3-trifluoro, 3,4,5-trifluoro, 2,3,4,5-tetra- a substituted or unsubstituted alkyl, aryl, alkyloxy, or 

fluoro, or 2,3,4,5,6-pentafluoro group. aryloxy group; and each of m and n are independently 

In another embodiment of the compound above, R is $5 the same as or different from each other and are each an 

a cyclohexylamino group. integer from about 0 to about 8. 

The present invention also provides the compound The present invention also provides the compound 

having the structure: having the structure: 
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kylarylamino, alkyloxyamino, aryloxyamino, alkylox- 
o o O o yalkylamino, or aryloxyalkylamino group; each of Ri 

c- (C H^C-NH-c-fVc^NH-c-(CH 2 ^/ ***** independently the same as or different from 



/ 1 ^ \=/ v ^ \ each other and are a hydrogen atom, a hydroxyl group, 

x y 5 a substituted or unsubstituted alkyl, aryl, alkyloxy, aryl- 

oxy, carbonylhydroxylamino, or fluoro group; and each 
wherein each of X and Y are independently the same as of m and n are independently the same as or different 
or different from each other and are a hyoxoxyl, ammo &om ^ other md m m integer from about 0 to 
or hydroxylamino group, a substituted or unsubstituted about 8 

alkyloxy, alkylammo, dialkylamino, arylainino, al- io IntneprefOTedem ^ entofthecompoundabovet 
kylarylamino, alkyloxyammo, aryloxyamino, alkylox- ^ v^TT > x> • 

yalkylamino, or aryloxyalkylanS group; and each of <f x ™« Y » * hydroxylamino group, Rj is a 

m and n are independently the same as or different from methyl group, R2 is a hydrogen atom, and each ot m and 
each other and are each an integer from about 0 to about n is 2. In another preferred embodiment, each of X and 
' 15 Y is a hydroxylamino group, Ri is a carbonylhydrox- 

In the preferred embodiment of the compound above, ylamino group, R2 is a hydrogen atom, and each of m 
each of X and Y is a hydroxyl group and each of m and and n is 5. In a further preferred embodiment, each of X 
n is 5. and Y is a hydroxylamino group, each of Ri and R2 is a 

The present invention also provides the compound fluoro group, and each of m and n is 2. 
having the structure: 20 The present invention also provides the compound 

having the structure: 

C-(CH2) m -C-N— f V-N-C-(CH2)„-C 

wherein each of X and Y are independently the same as 

or different from each other and are a hydroxyl, amino independently the same 

or hydroxylamino group, a substituted or unsubstituted ™r ; , ~r . j , 

alkyLy, alkylamSo, ^lamino, arylamino, al- 30 **<* <^rent from each other and are a hydroxy , 

kylarylamino, alkyloxyamino, aryloxyamino, alkylox- **«y. amm0 ' hytoxylamino, alkykmmo, dialkyl- 

yalkylamino, or aryloxyalkylamino group; each of Ri a*™ 0 ' arylamino, alkylarylammo, alkyloxyammo, ary- 

and R2 are independently the same as or different from loxyamino, alkyloxyalkylamino, or aryloxyalkylamino 

each other and are a hydrogen atom, a hydroxyl group, group. 

a substituted or unsubstituted alkyl, aryl, alkyloxy, or 35 Preferably, Ri is a phenylamino group and R2 is a 

aryloxy group; and each of m and n are independently hydroxylamino group. 

the same as or different from each other and are each an The present invention also provides the compound 

integer from about 0 to about 8. having the structure: 

The present invention also provides the compound 
having the structure: 40 




CH 3 CH 3 O C-CH=CH-f \)— CH=CH-C 



C— C— <CH2)«-C— C O \—J R 2 

45 

wherein each of Ri and R2 are independently the same 

wherein each of X and Y are independently the same as as or different from each other and are a hydroxyl, 

or different from each other and are a hydroxyl, amino alkyloxy, amino, hydroxylamino, alkylamino, dialkyl- 

or hydroxylamino group, a substituted or unsubstituted amino, arylamino, alkylarylamino, alkyloxyamino, ary- 

alkyloxy, alkylamino, dialkylamino, arylamino, al- 50 loxyamino, alkyloxyalkylamino, or aryloxyalkylamino 

kylarylamino, alkyloxyamino, aryloxyamino, alkylox- group. 

yalkylamino, or aryloxyalkylamino group; and n is an Preferably, Ri is phenylamino group and R2 is hy- 

integer from about 0 to about 8. droxylamino group. 

In the preferred embodiment of the compound above, The present invention also provides the compound 

each of X and Y is a dimethylamino group and n is 4 or 55 having the structure: 
5. 

The present invention also provides the compound 

having the structure: Ri 1, k S> 

O-ff \-CH=CH-C 

r 2 Y wherein each of Ri and R2 are independently the same 

as or different from each other and are a hydroxyl, 
wherein each of X and Y are independently the same as 65 alkyloxy, amino, hydroxylamino, alkylamino, dialkyl- 
or different from each other and are a hydroxyl, amino amino, arylamino, alkylarylamino, alkyloxyamino, ary- 
or hydroxylamino group, a substituted or unsubstituted loxyamino, alkyloxyalkylamino, or aryloxyalkylamino 
alkyloxy, alkylamino, dialkylamino, arylamino, al- group. 



o. 
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In the preferred embodiment, either Ri or R2 is a tinuously effected for at least 10 days. For example, the 
hydroxylamino group. administration may be effected at intervals as short as 

The present invention also provides a method of 5-10 days, up to about 25-35 days and continuously for 
selectively inducing terminal differentiation of neoplas- at least 10 days during each such interval. The optimal 
tic cells and thereby inhibiting proliferation of such 5 interval period will vary depending on the type of pa- 
cells which comprises contacting the cells under suit- tient and tumor. For example, in the incidence of acute 
able conditions with an effective amount of any of the leukemia, the so called myelodysplastic syndrome, con- 
compounds above, effective to selectively induce termi- tinuous infusion would seem to be indicated so long as 
nal differentiation. the patient tolerated the drug without toxicity and there 

The contacting must be performed continuously for a 10 was a positive response, 
prolonged period oftirae,i.e. for at least 48 hours, pref- The amount of the compound administered to the 
erably for about 4-5 days or longer. patient is less than an amount which would cause toxic- 

The method may be practiced in vivo or in vitro. If ity in the patient In the certain embodiments, the 
the method is practiced in vitro, contacting may be amount of the compound which is administered to the 
effected by incubating the cells with the compound. 15 patient is less than the amount which causes a concen- 
The concentration of the compound in contact with the tration of the compound in the patient's plasma to equal 
cells should be from about 1 jiM to about 25 mM, pref- or exceed the toxic level of the compound. Preferably, 
erably from 4 uM to about 5 mM. The concentration the concentration of the compound in the patient's 
depends upon the individual compound and the state of plasma is maintained at about 1 .0 mM . It has been found 
the neoplastic cells. 20 with HMBA that administration of the compound in an 

The method may also comprise initially treating the amount from about 5 gm/m 2 /day to about 30 
cells with an antitumor agent so as to render them resis- gm/mVday, particularly about 20 gm/m 2 /day, is effec- 
tant to an antitumor agent and subsequently contacting tive without producing toxicity in the patient The opti- 
— the resulting resistant cells under suitable conditions mal amount of the compound which should be adminis- 

2j with an effective amount of any of the compounds 25 tered to the patient in the practice of the present inven- 

tt above, effective to selectively induce terminal differen- don will depend on the particular compound used and 

tiation of such cells. the type of cancer being treated. 

3 The antitumor agent may be one of numerous chemo- This invention, in addition to the above listed com- 

P therapy agents such as an alkylating agent, an antime- pounds, is intended to encompass the use of homologs 

p tabolite, a hormonal agent, an antibiotic, colchicine, a 30 and analogs of such compounds. In this context, homo- 

f: vinca alkaloid, L-asparaginase, procarbazine, hydroxy- logs are molecules having substantial structural similari- 

urea, rnitotane, nitrosoureas or an imidazole carboxam- ties to the above-described compounds and analogs are 
ide. Suitable agents are those agents which promote molecules having substantial biological similarities re- 
& depolarization of tubulin. Preferably the antitumor gardless of structural similarities. 

agent is colchicine or a vinca alkaloid; especially pre- 35 The method may also comprise initially administering 
ferred are vinblastine and vincristine. In embodiments to the patient an amount of an antitumor agent to render 
where the antitumor agent is vincristine, the cells pref- the cells resistant to an antitumor agent and subse- 
erably are treated so that they are resistant to vincristine quently administering to the patient an effective amount 
at a concentration of about 5 mg/ml. The treating of the of any of the compounds above, effective to selectively 
P! cells to render them resistant to an antitumor agent may 40 induce terminal differentiation of such neoplastic cells 

J! be effected by contacting the cells with the agent for a and thereby inhibit their proliferation. 

I y period of at least 3-5 days. The contacting of the result- The antitumor agent may be one of numerous chemo 

f%, ing cells with any of the compounds above is performed therapy agents such as an alkylating agent, an antime- 

T\ as described previously. tabolite, a hormonal agent, an antibiotic, colchicine, a 

H 1 The present invention also provides a method of 45 vinca alkaloid, l-asparaginase, procarbazine, hydroxy- 

treating a patient having a tumor characterized by pro- urea, mitotane, nitrosoureas or an imidazole carboxam- 
liferation of neoplastic cells which comprises adminis- ide. Suitable agents are those agents which promote 
tering to the patient an effective amount of any of the depolarization of tubulin. Preferably the antitumor 
compounds above, effective to selectively induce termi- agent is colchicine or a vinca alkaloid; especially pre- 
nal differentiation of such neoplastic cells and thereby SO ferred are vinblastine and vincristine. In embodiments 
inhibit their proliferation. where the antitumor agent is vincristine, an amount is 

The method of the present invention is intended for administered to render the cells are resistant to vincris- 
the treatment of human patients with tumors. However, tine at a concentration of about 5 mg/ml. The adminis- 
it is also likely that the method would be effective in the tration of the agent is performed essentially as described 
treatment of tumors in other mammals. The term tumor 55 above for the administration of any of the compounds, 
is intended to include any cancer caused by the prolifer- Preferably, the administration of the agent is for a per- 
ation of neoplastic cells, such as lung cancer, acute iod of at least 3-5 days. The administration of any of the 
lymphoid myeloma, bladder melanoma, renal carci- compounds above is performed as described previously, 
noma, breast carcinoma, or colorectal carcinoma. The The present invention also provides a pharmaceutical 
adminis tration of the compound to the patient may be 60 composition comprising a pharmaceutical^ acceptable 
effected orally or parenterally. To date, administration carrier, such as sterile pyrogen-free water, and a thera- 
intravenously has proven to be effective. The adminis- peutically acceptable amount of any of the compounds 
tration of the compound must be performed continu- above. Preferably, the effective amount is an amount 
ously for a prolonged period of time, such as for at least effective to selectively induce terminal differentiation 
3 days and preferably more than 5 days. In the most 65 of suitable neoplastic cells and less than an amount 
preferred embodiments, the administration is effected which causes toxicity in a patient, 
continuously for at least 10 days and is repeated at inter- Lastly, the present invention provides the pharma- 
vals wherein at each interval the administration is con- ceutical composition above in combination with an 
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antitumor agent The antitumor agent may be any of the The above suberic acid monobenzyloxyamide mono- 
agents previously described. methyl ester (1 g; 3.4 mol) was dissolved in dry metha- 
The invention is illustrated in the Experimental De- no ] (50 mL) and 5% Pd-C (50 mg) was added. The 
tails section which follows. This section is set forth to black suspension was shaken under hydrogen pressure 
aid in an understanding of the invention but is not in- 5 ^ 50 p ^ 0V ernight at room temperature. The catalyst 
tended to, and should not be construed to, limit in any was separated by filtration, and filtrate was evaporated, 
way the invention as set forth in the claims which fol- ^ ^ftd residue was slurried in hexanes (-20 mL) and 
low thereafter. filtered The yield of the monomethyl ester monohy- 
Experimental Details - in droxamic acid of suberic acid was 900 mg (95%). *H 

rviic ™a vf^™ Tc NMR (DMSO-de, 200 MHz), 8<ppm) 10.31 (s, NHOH, 

Cells and Materials ^ g g9 fe ^ fe CH3j 3H); 2 . 2 7 

MELC 745A-DS19 cells and the variants of MELC (^ J =7.4 Hz, CH2COOCH3, 2H); 1.91 (t, J =7.4 Hz, 

derived from this cell line, namely, the vincristine- CH2CONHOH, 2H): 1.49 (m, 4H), 1.24(m, 4H). 
resistant MELC V3.17 and VCR.C(2)15 cell lines (26), 15 
and the dmiethylsulfoxide-resistant cell line, DR10 (39), 

were maintained in alpha minimal essential medium ^ # 

containing 10% fetal calf serum (16). Cell cultures for c— (CHtfe— C 

all experiments were initiated with cells in logarithmic HOHN oh 
growth phase (day 2 cultured cells) at a density of 10 5 20 

cells/ml. Inducer compounds were added in the final Suberic acid monobenzyloxyamide monomethyl 

concentrations mdicated below, absolved in culture 3.4 nmaol) and potassium hydroxide (210 mg; 

mednim witiiout ^fetal ^calf serum unless otherwise md> 3 were MyeA m 10 ^ of methanol-water 

mted ^Sd Tl6) ^ 2, (4:1) 1116 reaCti0n mixtore WaS refluxed ^ 

Commitment to terminal differentiation, character- «d solvit was evaporated. The soUd residue 

ized by limited cell division (colony size < 32 cells) and was dlssolved m 5 ^ water ^ edified with cone 

accumulation of hemoglobin (benzidine reactive colo- hydrochlonc acid to pH~5. White precipitate was fil- 

nies) was assayed by a colony cloning assay using 2% terea *» dried and crystallized from ethyl acetate-hexanes. 

methylcellulose as described (25) (see Table 1 for re- 30 The yield ofsuberic acid monobenzyloxyamide was 820 

suits). HL-60 human leukemia cells, derived from pe- mg (86%). The product was dissolved in methanol (50 

ripheral blood leukocytes of a patient with acute mL) and 5% Pd-C (50 mg) was added. The reaction 

promyelocytic leukemia (40). Induced differentiation of mixture was shaken under hydrogen pressure (50 psi) 

HL-60 cells assayed by detennining the proportion of overnight The catalyst was separated by filtration and 

cells that developed the capacity to reduce nitroblue 35 filtrate was evaporated. The solid residue was slurried 

tetrazolium (NBT) (41) (see Table 2 for results). in hexanes and filtered. The yield of suberic acid 

Chemistry monohydroxamic acid was 520 mg (81%). l H NMR 

The compounds having the structure: (DMSO-d6, 200 MHz), 8(ppm) 11.96 (s, broad, COOH, 

1H); 10.31 (s, NHOH, 1H); 8.63 (s, broad, NHOH, 1H); 

o 40 2.17 (s, J=7.4 Hz, CH2COOH, 2H); 1.91 (s, CH 2 CON- 

R(CH2)r -/ HOH, 2H); 1.46 (m, 4H); U2 (m, 4H). 

\ Compounds having the structure: 



Preparation of PhCH20NHOC(CH2)6COOCH3: & f { J> 

A solution of suberic acid monomethyl ester (1.9 g; Rj — N— c— (CH^e — c 

0.01 mol), oxaloyl chloride (1.75 mL; 2.54 g; 0.02 mol) I \ H 

and 0.1 mL DMF in benzene (200 mL) was stirred 2 
overnight at room temperature. The solvent was evapo- 
rated and oily residue was dissolved in chloroform (-20 50 General Procedure 
mL) and mixed together with chloroform solution (100 , , CM , . „ t „ J 
mL) of O-beiizymydroxylainine (2.46 g; 0.02 mol) and A pyndine (500 mL) solution of O-benzylhydroxyla- 
pyridine (1.6 mL; L68 g; 0.02 mol). The reaction mix- mine (2.46 g; 0.02 mol), the corresponding ainine (0.02 
tore was stirred at room temperature overnight. The mol) and suberoyl chloride was stirred at room temper- 
chloroform solution was washed with water (50 mL), 55 ature overnight The solvent was evaporated and the 
10% hydrochloric acid, and again with water (2X50 semisolid residue was dissolved in 1000 mL chioroform- 
mL). The organic layer was dried over anhydrous mag- methanol (4:1); the resulting solution was washed with 
nesium sulfate and evaporated. The solid residue was water (2x100 mL), 10% hydrochloric acid (3x100 
slurried in hexanes (~ 100 mL) and filtered. The yield of mL), and again with water (2X 100 mL). Organic layer 
PhCH20NHOC(CH2)6COOCH3 was 2.61 g (89%). 60 was dried over anhydrous magnesium sulfate and evap- 
orated. The solid residue was dissolved in methanol 
o o (100 mL) and 5% Pd-C was added. The black suspen- 
c— <CH2>6— C sion was shaken under hydrogen pressure (-50 psi) 
ff \ / \ 65 overnight The catalyst was separated by filtration, and 
(/ V °- rrl OCH 3 the filtrate was evaporated. The target products were 

isolated by column chromatography on silica gel with 
ethyl acetate-tetrahydrofuran. 
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CH2C6H5, 2H); 1.92 (t, J=7.4 Hz, CH 2 CO— , 4H); 1.45 
O o (m,4H); 1.20 (m,4H). 

% Compound having the structure: 

C— (CH2)6~ C 
/ \ 

HOHN NHOCH3 5 o 

Yield 1.1 g (26%). *H NMR (DMSO-D*, 200 MHz), / C < CI ^ CN 

S(ppm) 10.93 (s, NHOCH3, 1H); 10.32 (s, NHOH, 1H); HOHN 
8.66 (s, NHOH, 1H); 3.55 (s, CH3, 3H); 1.91 (t, J=7.6 

Hz, CH2CO — ,4H); 1.45 (m, 4H); 1.20 (m, 4H). 10 Into a cooled solution of potassium hydroxide (2.24 g; 

0.04 mol) and O-benzymydroxylarnine hydrochloride in 
30 mL of tetrahydrofuran-water (1:1) mixture, 6- 
°^ 0 fs^zrf bromohexanoyl chloride (3.1 mL; 4.27 g; 0.02 mol) was 

c— (CH2>6— C— NH — ^ ****** added. The reaction mixture was stirred at room tem- 

/ 15 perature for one hour. The solvent was evaporated and 

solid residue was partitioned between chloroform (200 

Yield 1.2 g (21%). 1H NMR (DMSO-dfc 200 MHz), ^l^T^^' ™™f™^™™^f 

S(ppm) 10.31 (s, NHOH, 1H); 8.60 (s, broad, NHOH, J"*J °* ^OChlonc acxd (3X50 mL) and water 

1H); 7.57 (d, J=7.6 Hz, NH-CeHi,, 1H), 3.40 (m, 20 ? X5 ° ^ ?" "Wf 5 ^ was f" ed T ? ver ^ 

CH-NH, 1H); 1.99 (t, J=7 Hz, CH 2 CONHC«Hn, dro^ aa^stmn suHate and ev^orated. Tie fffoduct 

2H); 1.91 (t, J==7.6 Hz, CH 2 CONHOH, 2H); 1.63 (m, was l l y ^ ryS ^^ 0n * om ^ 

i vt/i /Z *ti\ i o/w~ otTk anes. The yield of N-benzyloxy-6-bromohexanoyl 

4H), 1.44 (m, 6H), 1.20 (m, 8H). ^ ^ ^ g p8%) A toeAylsdfo3dde (250 ^ 

solution of N-benzyloxy-6-bromohexanoyI amide (4.5 g; 
15 mmol) and sodium cyanide (7.35 g; 0.15 mol) was 
X C— (CH2&— cT heated at 130" C. overnight. The solvent was evapo- 

hohn^ ^NfCH -h rated and solid residue was partitioned between chloro- 

3)2 form (300 mL) and water (300 mL). The chloroform 

Yield 870 mg (20%). « NMR (DMSO-D* 200 30 ^Z^^X^^^t^ 
\ru^\ in ii ^ wunw itivj-;,/. anhydrous magnesium sulfate, and evaporated. The oily 

SSaSS Isll residue was * <*> lMna chromatography on 

kz^^ J^74 Bfc gel 111 ethyl acetate.tetrahydrofuran (4:1) as an 

mloc^oaaffte 1 20 fm.« etaeBt 7116 ° f N-b^yloxy-6-cyanohexanoyla- 

CH2COONHOH, 2H), L50 (m, 4H), 1.20 (m, 4H). ^ ^ ^ j 62 g (43%) ^ produ{Jt wa$ ^ 

methanol (50 mL) and 5% Pd-C (100 mg) was added. 
*P The black suspension was shaken under hydrogen pres- 

c— (CH2)6— c sure (~50 psi) overnight The catalyst was isolated by 

/ ^nhoh filtration and filtrate was evaporated. The solid residue 

m lvriUi 40 was slurried in hexanes (~20 mL) and filtered. The 

yield of N-hydroxy-6-cyanohexanoylamide was 900 mg 
(overall yield 30%). *H NMR (DMSO-de, 200 MHz), 
Yield 1.4 g (21%); m NMR (DMSO-d* 200 MHz), S(ppm) 10.32 (s, NHOH, 1H); 8.65 (s, NHOH, 1H); 2.45 
5(ppm) 10.31 (s, NHOH, 1H); 8.67 (s,NHOH, 1H); 3.40 (tj=7 Hz, CH 2 CN, 2H) 1.93 (t, J=7 Hz, CH2CON- 
(2t, CH 2 N, 4H); 2.20 (t, J=7.4 Hz, CH 2 CON(CH 2 ) 5 , 45 HOH, 2H); 1.49 (m, 4H); 1.33 (m, 2H). 
2H); 1.91 (t, J=7.4 Hz, CH 2 CONHOH, 2H); 1.10-1.60 Compounds having the structure: 
(m, broad, 14H). 

Compound having structure: 0 0 

II / 

O O 50 R-O-W^C 

V <^ OH 

^C— (CH2)€-C^ 

HOHN NHOCH 2 C6H S ^ 

General Procedure 

The chloroform (500 mL) solution of O-benzylhy- 55 A diacid dichloride (0.01 mol) was added into a 
droxylamine (1.23 g; 0.01 mol), 0-(trimethylsilyl)hy- cooled (0° C) solution of potassium hydroxide (1.12 g; 
droxylamine (1.1 g; 0.01 mol), pyridine (1.6 mL; 1.7 g; 0.02 mol) and corresponding amine (0.01 mol) in 30 mL 
0.02 mol) and suberoyl chloride (1.8 mL; 2,11 g; 0.01 of tetrahydrofuran-water (1:1) mixture. The reaction 
mol) was stirred at room temperature overnight The mixture was stirred at room temperature about one 
reaction suspension was diluted with methanol (100 60 hour. Solvent was evaporated and the solid residue was 
mL), washed with 10% hydrochloric acid (3 X 100 mL). partitioned between chloroform (300 mL) and water 
The organic layer was dried over anhydrous magne- (300 mL). In some cases a small amount of methanol is 
sium sulfate and evaporated. The solid residue was necessary to dissolve all solid. The organic layer was 
subjected to chromatography on silica gel in ethyl ace- washed with 10% potassium hydroxide (3X30 mL). 
tate-tetrahydrofuran (4:1). The yield was 500 mg (17%). 65 The basic water extract was acidified with 10% hydro- 
1H NMR (DMSO-d6, 200 MHz), S(ppm) 11.09 (s, chloric acid. The precipitate was collected by filtration, 
NHOCH2C6H5, 1H); 10.31 (s, NHOH, 1H); 8.67 (s, dried and purified by crystallization from ethyl acetate 
broad, NHOH, 1H); 7.36 (s, C6H5, 5H), 4.76 (s, or by column chromatography on silica gel in ethyl 
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acetate-tetrahydrofuran (4:1). The yields are from 

NH-C— (CHz)*— C 

f\_ t / 5 

\ / \ H 1H NMR <DMSO-d& 200 MHz), 8(ppm) 11.95 (s, 

COOH, 1H); 7.58 (d, J=8 Hz); 3.50 (m, CH, 1H); 2.17 

1H NMR (DMSO-d* 200 MHz), Sfrpm) 11.97 (s, 10 %J=1?J^ ^f®?^ A ^l ^TL?* 
COOH, lH);9.84(s,NH, lH);7.57(d, J=7.4 Hz, ortho CH 2 CONH~, 2H); 1.60(m,4H); 1.46 (m,6H); 1.20<m, 

aromatic proton^ ^2^; 7.26 (U=8.4 Hz, meta aromatic > ^ ^ fo were pre . 

protons, 2H); 6.99 ft J =7.4 Hz, para aromatic proton, characterized: 
1H), 127 (t, J=7 Hz, CH 2 CONHPh, 2H); 2.18 (t, P 
J=7.2 Hz, 2H); 1.52 (m, 4H); 1.28 (m, 4H). 15 

nc f H P 



\ \ i \ / 



C-(CH2) n -C 

/ 20 # \ 

NH-C— (CH2)6— C O OH 



\ / ^ 

wherein n=4, 5, 6, 7, and 8; R is hydrogen; 2-, 3-, and 

1H NMR (DMSO^, 200 MHz), 8(ppm) 11.95 (s, tT"",?!^ ^ ^ 

COOH, 1H); 10.20 (s, NH, 1H); 8.10 (s aromatic pro- * 2 - «* 4-tnftaoromethyh 2, 3-, and 4-fluoro; 
ton, 1H); 7.75 (m, aromatic proton, 1H); 7.45 (m, aro- 
matic proton, 2H); 128 (t, J=7.4 Hz, CH 2 CONHAr, 
2H>, 2.21 (t, J=7.2 Hz, CH2COOH, 2H); 1.46 (m, 4H); 
1.20 (m, 4H). 30 



NC j~V 




NH— c— (CH2)6-C^ wherein n=4, 5, 6, 7, and 8; 



\=/ N OH 35 



P* 1H NMR (DMSO-d*, 200 MHz), 8<ppm) 11.95 (s, / V-j/ o 

Q COOH, 1H); 10.29 (s, NH, 1H); 7.75 (s, aromatic pro- \ / \ ✓ 

n 5 tons, 4H); 2.33 (t, J=7.2 Hz, CH 2 CONHAr, 2H); 2.18 N ^-(CH^-C^ 

IT (t, J=7.4 Hz, CH 2 COOH, 2H); 1.53 (m, 4H); 1.27 (m, o OH 

O- 4H). 

t, wherein n=4, 5, 6, 7, and 8; 



\ — / c— (CH2) fl — c; 



OH 



\ / \ _ N >-N v ,0 

\ 

1H NMR (DMSO-dfr 200MHz), 11.98 (s, broad, o OH 

COOH, 1H); 10.48 (s, NH, 1H); 8.21 (d, J=9.2 Hz, 
aromatic protons, 2H); 7.82 (d, J =9.2 Hz, aromatic wherein n=4, 5, 6, 7, and 8; 
proton, 2H); 2.36 (t, J=*7.4 Hz, CH 2 CONHAr, 2H); 

2.18 (t, J=7.2 Hz, CH 2 COOH, 2H); 1.55 (m, 4H); 1.29 H 
(m,4H). 55 />^r< /> 

IS^J C-(CH2) fl -C 

N V-NH-C— (CH2)e— C 
\ / \ QH 60 wherein n=4, 5, 6, 7, and 8; 

1H NMR pMSO-d6, 200 MHz), 8(ppm) 12.00 (s, 
broad COOH, 1H); 10.24 (s, NH, 1H); 8.38 (d, J=5.8 ^ Q 

Hz, aromatic protons, 2H); 7.55 (d, J —5.8 Hz, aromatic 65 \ S 

protons, 2H); 2.33 (t, J=7.2 Hz, CH 2 CONHAr, 2H); c-<cu2>.-c 
2.18 (t, J=7.2 Hz, CH 2 COOH); 1.52 (m, 4H); 1.27 (m, o OH 

4H). 
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N O 

\ S 

C-(CH2) 6 -C^ 
O OH 



wherein R is 2-, 3-, and 4-carboxy; 2-, 3-, and 4- io 
aminocarbonyl; 2-, 3-, and 4-methylaminocarbonyl; 2-, 
3-, and 4-dimethylarm^ocarbonyl; 2-, 3-, and 4-chloro; 

2- , 3-, and 4-bromo; 2-, 3-, and 4-iodo; 2-, 3, and 4- 
methyl; 2-, 3-, and 4 methoxy; 2-, 3-, and 4-hydroxy; 2-, 

3- , and 4-amino; and 2-, 3-, and 4-dimethyIamino. 
Compounds having the general structure: 



15 



HO 



O O J 
|| || Ar 

!c~<CH2) ff -C-N-C-<CH^-C^ 
OH 



OH 



wherein n=4, 5, 6, and 7. 



General Procedure A 
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A pyridine {500 mL) suspension of O-benzylhydrox- 
ylamine hydrochloride (3.2 g; 0.02 mol) and the corre- 
sponding diacid dichloride (0.04 mol) was stirred at 
room temperature for three days. Water (10 mL) was 
added and stirring was continued overnight. The sol- 30 
vent was evaporated and solid residue was purified by 
column chromatography on silica gel in tetrahydrofu- 
ran-methanol. The diacid product was dissolved in 
methanol (100 mL) and 5% Pd-C (100 mg) was added. 
The reaction suspension was shaken overnight under 35 
hydrogen pressure (-50 psi). The catalyst was sepa- 
rated by filtration, solid residue was washed with hot 
methanol (5 X 50 ml). The combined methanolic filtrates 
were evaporated. The solid residue was slurried in ace- 
tone and filtered. The yield was 10-20%. 40 

General procedure B 

A pyridine (500 ml) solution of O-benzylhydroxyla- 
mine (2.46 g; 0.02 mol) and the corresponding dicarbox- 
ylic acid monobenzyl ester monoacid chloride (0.04 45 
mol) was stirred at room temperature overnight. The 
solvent was evaporated. The semisolid residue was 
dissolved in chloroform (300 mL) and extracted with 
5% hydrochloric acid (2X50 mL), 10% potassium hy- 
droxide (3X100 mL), and water (2x100 mL). The 50 
organic layer was dried over anhydrous magnesium 
sulfate and evaporated. The solid residue was purified 
by column chromatography on silica gel in ethyl ace- 



ried in cooled acetone and filtered. The yield 
product was 30-60%. 



o v 00 o 

\ II II / 

C-(CH2)5~C— N— C— <CH2)5-C 
HO OH OH 

m NMR (DMSO-dfr 200MHz), 8(ppm) 11.53 (s, 
COOH, 1H); 2.41 (t, J=7.2 Hz, CH 2 CON(OH)COCH 2 , 
4H); 2.18 (t, J=7.0 Hz, CH 2 COOH, 4H); 1.52 (m, 8 h); 
1.22 (m, H). MS (FAB, glycerin) 346(M+1) 
Compounds having the structure: 

DO 0 o 

\ II II / 

^C-CCH^-C-N-CCH^-N-C-CCH^o-C^ 

HO CH3 CH 3 OH 

A pyridine (500 mL) solution of the monomethyl 
ester monoacid chloride of dicarboxylic acid (0.02 mol) 
and N,N'-dimemyl-l,x^iarninoalkane (0.01 mol) was 
stirred at room temperature overnight. Solvent was 
evaporated and oily residue was dissolved in chloro- 
form (300 mL). Chloroform solution was washed with 
water (3X50 mL), 10% potassium hydroxide (3x50 
mL), 10% hydrochloric acid (3X50 mL), and again 
with water (3 X50 mL). The organic layer was dried 
and evaporated. The oily residue was dissolved in po- 
tassium hydroxide (1.2 g; 0.021 mol) in 80% methanol 
(100 mL). The reaction mixture was refluxed two hours. 
The solvent was evaporated and solid residue was dis- 
solved in water (50 mL) and extracted with chloroform 
(3 X 50 mL). Water solution was acidified to pH~5 and 
concentrated (to volume of about 10 mL). The water 
solution or suspension was cooled down and precipitate 
was separated by filtration. The solid product was puri- 
fied by crystallization from ethyl acetate. The yield was 
40-60%. 



/ C-(CH 2 ) 6 -C-N-(CH2)2-*N--C--(CH2)6-C^ 
HO CH 3 CH 3 OH 

*H NMR (CDCI3, 200 MHz), 8(ppm) 8.15 (s, broad, 
COOH, 2H); 3.52+3.45 (2s, CH 2 N, 4H); 3.01 +2.93 (2s, 
CH3N, 6H); 2.30 (4t, CH 2 CO, 8H); 1.60 (m, 8H); 1.32 
(m, 8H). 1H NMR (DMSO-dfc 200 MHz), 5(ppm) 
3.444-3.336+3.36 (3s, CH 2 N, 4H); 2.94+2.90+2.79 
(3s, CH3N, 6H); 2.27+2.23+2.12 (3t, CH 2 CO, 8H); 
1.46 (m, 8H); 1.23 (m, 8H). 
Compounds having the structure: 



HO 



? 



C — (CH2)m — C — NH' 




O O 

II II 

C-NH— C— (CH2)„— C 



tate. The tribenzyl product was dissolved in methanol 
(100 mL) and 5% Pd-C (100 mg) was added. The reac- 
tion suspension was shaken under hydrogen pressure 
(-50 psi) at room temperature overnight The solid was 65 
separated by filtration and washed with hot methanol 
(5X50 mL). The combined methanol filtrates were 
evaporated to solid residue. The solid residue was siur- 



A pyridine (500 mL) solution of 6-aminocapric acid 
(2.6 g; 0,02 mol) and terephthaloyl chloride (2 g; 0.01 
mol) was stirred at room temperature overnight (~* 12 
hours), and at 90° C. for 23 hours. The solvent was 
evaporated, and the solid residue was crystallized from 
water (10 mL) four times. The yield was 800 mg (19%). 
IH NMR (DMSO-d<>, 200 MH), 8<ppm) 12.8 (s, broad, 
COOH, 2H); 8.54+7.72 (2t, NH, 2H); 3.24+2.98 (2 m, 
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NHCH 2 , 4H); 2.20+2.03 (2m, CH 2 CO, 4H); 1.50 (m, 

8H); 1.32 (m, 4H). 

Compound having the structure: 





\ 



10 



Into a mixture of aniline (2.75 g; 0.03 mol), hydroxy- 
lamine hydrochloride (2.08 g; 0.03 mol), and potassium 
hydroxide (5.50 g; 0.09 mol) in 50% tetrahydrofuran 
(100 mL) was slowly added at room temperature a 15 
tetrahydrofuran (20 mL) solution of terephthaloyl chlo- 
ride (6 g; 0.03 mol). The reaction suspension was stirred 
at room temperature for thirty minutes. The solvent 
was evaporated. The solid residue was slurried in hot 20 
methanol (1000 mL) and dried over anhydrous magne- 
sium sulfate. The methanol solution was separated by 
filtration and filtrate was evaporated. The solid residue 
was slurried in 20 mL cooled methanol and filtered. The 2 5 
white crystals were washed with ether (5X50 mL) and 
dried. The yield was 4.6 g (39%). *H NMR (DMSO-dfc 
200 MHz), 8(ppm) 11.35 (s, broad, NHOH, 1H); 10.35 
(s, NHPh, 1H); 9.19 (s, NHOH, 1H); 8.03 (d, J=8 Hz, 
terephthalic protons, 2H); 7.89 (d, J=8 Hz, terephthalic 
protons, 2H); 7,82 (d, J =7.4 Hz, ortho anilide protons, 
2H); 7.34 (t, J=7.4 Hz, meta anilide protons, 2H); 7.10 
(t, J=7.4 Hz, para anilide proton, 1H). 
Compound having the structure: 



22 



C^CHafc-C 
R R 



wherein n=4, 5, 6, 7, and 8. 

A chloroform solution of triethylamine (1.4 mL; 1.0 
g; 0.01 mol), the corresponding amine (0.01 mol) and 
diacid dichloride (0.005 mol) was stirred at room tem- 
perature for five hours. If the reaction mixture was 
clear, it was washed with water (5x 100 mL). The or- 
ganic layer was dried over anhydrous magnesium sul- 
fate and evaporated to a solid residue. If in the course of 
reaction a precipitate was formed, the precipitate was 
separated by filtration. White crystals from filtration or 
solid residue from evaporation were crystallized from 
ethyl acetate, tetrahydrofuran, methanol, or their mix- 
ture. The yields were from 60-90%. 



30 



w c-«**-c x 

O NH — £ 



35 



o- 



? 



1H NMR (DMSO-d& 200 MHz), S(ppm) 10.23 (s, 
NH, 2H); 7.82 (d, J=9 Hz, aromatic protons, 4H) , 7.60 
(d, J=9 Hz, aromatic protons, 4H) , 2.31 (t, J =7.4 Hz, 
CH 2 CO, 4H); 2.61 (m, 4H); 1.32 (m, 4H). 



NH— CHj-C— CH=CH« 



[=CH— C 



\ 40 
NHOH 



45 



A solution of 1,4-phenylenediacrylic acid (2.18 g; 0.01 
mol) in thionyl chloride (50 mL; 81.55 g; 0.68 mol) was 
refluxed overnight. The excess of thionyl chloride was 
evaporated. The solid was dissolved in tetrahydrofuran 
(20 mL), and added to a cooled (0° C.) solution of potas- 
sium hydroxide (1.12 g; 0.02 mol) and aniline in 50% 
tetrahydrofuran. The reaction mixture was stirred at 50 
room temperature for thirty minutes. The solvent was 
evaporated. The solid residue was slurried in water and 
filtered White crystals were dissolved in a small 
amount of methanol and purified on a silica gel column 55 
in tetrahydrofuran. The yield was 315 mg (10%). ! H 
NMR (DMSO-do, 200 MHz), 6(ppm) 10.80 (s, NHOH, 
1H); 10.23 (s, NHPh, 1H); 9.09 (s, NHOH, 1H); 7.69 (d, 
1=1.6 Hz, ortho anilide protons, 2H); 7.64 (s, phenylene ^ 
protons, 4H), 7.55 (d, J=15.8 Hz, PhNHOCCH= 
CH— , 1H); 7.40 (d, J= 15.8 Hz, HONHOCCH=CH— , 
1H); 7.33 (t, J=7.8 Hz, meta anilide protons, 2H); 7.06 
(t, J=7.2 Hz, para anilide protons, lHfc 6.89 (d, J= 15.8 
Hz, PhNHOCCH=CH— , 1H) 6.51 (d, J- 15.8 Hz, 
HOHNOCCH=CH— , 1H ). 
Compounds having the structure: 



C-<CH2) r C^ 
O NH* 




NO2 



-H NMR (DMSO-de, 200 MHz), 8(ppm) 10.48 (s, 
NH, 2H); 8.18 (d, J— 9.2 Hz, aromatic protons, 4H); 
7.81 (d, J =9.2 Hz, aromatic protons, 4H0; 2.37 (t, 
J =7.2 Hz, CH2CO — , 4H); 1.60 (m, 4H); 1.33 (m, 4H). 



NCGH 2 - 



^C-(CH2)6-C^ 



CH2CN 



•H NMR (DMSO-d& 200 MHz), 89.91 (s, NH, 2H), 
7.58 (d, J =8.6 Hz, aromatic protons, 4H); 7.26 (d, 
J=8.6 Hz, aromatic protons, 4H); 3.94 (s, CH 2 CN, 4H); 
2.29 (t, J=7.4 Hz, CH2CO — , 4H); 1.60 (m, 4H); 1.31 
(m,4H). 
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^-(CHjfc-C^ 




H3CHNOC* 



JH NMR (DMSO-d*, 200 MHz), dXppm) 10.08 (s, 
CONHAr, 2H); 7.79 (d, J=8.6 Hz, aromatic protons, 
4H); 7.63 (d, J=8 Hz, aromatic protons, 4H), 7.22 (s, 
H3CHNCO-, 2H); 132 (s, CH 3 , 6H); 2.31 (t, J=7 Hz, 
CH 2 C— ), 6H); 1.59 (m, 4H); 1.31 (m, 4H). 



HOHN< 



,MH \ y° 



2-, 3-, and 4-aminocarbonyl; 2-, 3-and 4- 
15 methylaminocarbonyl; 2-, 3-, and 4-dimethylaminocar- 
bonyl; and 2-, 3-, and 4-trifluoromethyl; 



CONHOH 



m NMR (DMSO-d6» 200 MHz), $(ppm) 10.90 (s, 
broad, NHOH, 2H); 10.05 (s, NHAr, 2H); 8.90 (s, broad, 
NHOH, 2H); 7.68 (d, J=9 Hz, aromatic protons, 4H); 
7.62 (d, J=9 Hz, aromatic protons, 4H); 2.31 (t, J =7.2 
Hz, CH2CO-, 4H); 1.59 (m, 4H); 1.30 (m, 4H). 



20 



25 



C-(CH 2 )6-C 
</ NH- 




NH 



\ 

C~(CH2)6-C 




wherein R is 4-hydroxylaminocarbonyl; 4-methoxycar- 
bonyl; 2-, 3-, and 4-chloro; 2-, 3-, and 4-fluoro; 2-, 3-, 
and 4-methyl; 2-, 3-, and 4-methoxy; 2,3-difluoro; 2,4- 
difluoro; 2,5-difluoro; 2,6-difluoro; 1,2,3,-trifluoro, 
30 3,4,5-trifluoro; 2,3,5,6-tetrafluoro; 2,3,4,5,6-pentafluoro. 



35 



IH NMR (DMSO-dfc 200 MHz), a(ppm) 10.06 (s, 
broad, NH, 2H); 8.71 (d, J=2.6 Hz, aromatic protons, 
2H); 7.31 (d+d, aromatic protons, 2H); 2.32 (t, J-7.4 
Hz, CH2CO-, 4H); 1.59 (m, 4H); 1.33 (m, 4H). 




C— (CH2)6— C 



40 



>— N 



N 



,NH \ ^° 

O NH« 



/XT 



45 



NH ,0 
\ S 

O HN« 



m NMR (DMSO-de, 200 MHz), 5(ppm) 12.00 (s, 50 
broad, NH, 2H); 7.43 (d, J =3.6 Hz, aromatic protons, 
2H); 7.16 (d, J=3.6 Hz, aromatic protons, 2H); 2.41 (t, 
J=7.2 Hz, CH2CONH — , 4H) 1.58 (m, 4H); 1.28 (m, 
4H). 

In the similar manner, the following compounds were 55 
prepared and characterized: 



^C-(CH2)6-C^ 



H 2 N, 




\ 



C-(CH2)„-C; 



60 



/ C-(CH 2 ) 6 -C^ 
O N 



65 



wherein n=4, 5, 6, 7, and 8; all compounds are symmet- 
rical wherein R is 2-, 3-, and 4-cyano; 2-, 3-, and 4- 
methylcyano; 2-, 3-, and 4-nitro, 2-, 3-, and 4-carboxy; 



Compounds having the structure: 
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and filtered. Mostly pure product was isolated in this 

O o way. If necessary further purification was achieved by 

<CH&— / column chromatography on silica gel with ethyl ace- 

/ \ _ tate-tetrahydrofuran. The yields were from 35% to 

HOHN 5 65%. 

wherein n=4, 5, 6, 7, and 8. General procedure C 

General procedure A a pyridine (500 mL solution of O-benxylhyroxyla- 

A diacid dichloride (0.01 mol) was added to a stirred 10 mine (1.23; 0.01 mol), the corresponding amine (0.01 

solution of potassium hydroxide (1.68 g; 0.03 mol), hy- mo fy m ^ the dichloride of the dicarboxylic acid (0.01 

droxylamine hydrochloride (0.7 g; 0.01 mol), and the mol ^ was at room temperature overnight. The 

corresponding aniKne (0.01 mol) in 50% tetrahydrofu- solvent wa$ evapora ted and the white solid residue 

was evaporated to solid residue. The solid residue was and a target unsymmetncal one. The solid residue was 

slurried in methanol (~ 100 mL) and dried over anhy- slurried in methanol and dried over anhydrous magne- 

drous magnesium sulfate. The methanol solution was sium sulfate. The filtrate was evaporated and the solid 

separated by filtration and evaporated to a solid residue. residue was dissolved in methanol (~ 100 mL). Into the 

The product was purified by column chromatography 20 met i iano i solution 5% Pd-C (100 mg) was added and the 

on silica gel in ethyl acetate-tetrahydrofuran Cm most Wack suspension was shaken under hydrogen pressure 

U «"* 3;1 >' ^ 3*"* were 15 ~ 30% ' (-50 psi) overnight The catalyst was separated by 

p General procedure B filtration and the filtrate was evaporated. The product 

% A solution of corresponding monomethyl ester of 25 was isolated by column chromatography on silica with 

JgJ dicarboxylic acid (0.01 mol), oxaloyl chloride (0.03 ethyl acetate-tetrahydrofuran. The yields were from 

t? mol), and a few drops DMF in benzene (500 mL) was 20% to 35%. 
p stirred at room temperature overnight The solvent was 

iS F evaporated and the oily residue was dissolved in dry General procedure D 

*C benzene (3 X 50 mL) and evaporated again. The tetrahy- 30 a chlorofom solution of trie%laniine (3 mL; 2.18 g; 

U drofuran (50 mL) solution of monoestermonoacid chlo- Q m$ mQ ^ ^ corresponding amine (0.01 mol), O- 

nde of the corresponding dicarboxylic acid was slowly ^^ w i„ n „n WHmTO i ! lw n ik « n oi moU and the 

Mi added to a cooled solution of the corresponding amine tnmemylsflyl^ (1.05 g, 0 01 mol), and the 

(0.01 mol) and pyridine (1.6 mL; 1.6 g; 0.02 mol) in corresponding diacid chloride of the dicarboxylic acid 

» tetrahydrofuran (200 mL). The reaction mixture was 35 (0.01 mol) was stirred at room temperature overnight 

M: stirred at room temperature for an hour. The solvent The solvent was evaporated, the residue was dissolved 

i x was evaporated, the reside was dissolved in chloroform m methanol (~ 10 mL), and into the methanol solution 

(300 mL), and the chloroform solution was washed with 10% ammonium chloride (~ 10 mL) was added. The 

O 10% hydrochloric add (3X50 mL), 10% potassium resulting suspension was stirred at 50* C. for two hours. 

fll hydroxide (3X50 mL), and water (3x50 mL). The 40 ^ ated ^ solid residue was 

% ot f™ c U r waS f^ m JS^ slurried in methanol (300 mL) and dried over anhy- 
LJ sulfate and evaporated, yielding the pure monoester 111 ""^" auw J ' * 
r * monoamide of dicarboxylic acid. The product was dis~ drous magnesium sulfate. The methanol solution was 
solved in 80% methanol with potassium hydroxide (0.56 separated by filtration and evaporated to a solid residue, 
g; 0.01 mol). The reaction mixture was refluxed two 45 The product was isolated by silica gel column chroma- 
hours and evaporated to solid residue. The residue was tography with ethyl acetate-tetrahydrofuran. The 
dissolved in water (-20 mL) and acidified to ~pH 5 yields were 20-33%. 
with 10% hydrochloric acid. The monoacid monoam- 
ide of the dicarboxylic acid was isolated by filtration of ^ 

precipitate or extraction water solution with chloro- 50 Q Q 

form. The isolated monoacid monoamide of the dicar- ft \ \\ # 

boxylic acid was mixed together with an equivalent f V-NH-c-<CH2) 6 -c 

amount of O-benzymydroxylamine and 1,3-dicyclohex- \ / N N 

ylcarbodiimide in pyridine (~100 mL per 0.01 mol of 
O-benzylhydroxylamine) and was stirred at room tern- 55 c H N 

perature overmghtTte Elemental analyst ^ 7.63 10.60 

soUd residue was parUttoned between chloroform (500 ^ FoTmd fl5S 7.59 1048 

mL) and 10% hydrochloric acid (300 mL). The organic — 

layer was washed with water (3X100 mL) and dried 

over anhydrous magnesium sulfate. The solvent was 60 lH NMR (DMSO-d$, 200 MHz), S(ppm) 10,31 (s, 

evaporated to solid residue. The solid residue was dis- NHOH, 1H); 9.83 (s, NHPh, 1H); 8.64 (s, NHOH, 1H); 

solved in large amounts of tetrahydrofuran and filtered 7 57 q g ^ Hz, ortho aromatic protons, 2H); 7.26 (t, 

through a short column of silica gel. The crude product j =8 4 Hz> meta aromatic protons, 2H), 6.99 (t, J =7.4 

was dissolved m methanol (100 mL) and 5% M-Cwas aromatic protons, IH); 2.27 (t, J- 7.4 Hz, 

added. The reaction suspension was shaken under hy- 65 *»» P * At -72 Hz. CH.CONHOH 

drogen pressure (-50 psi) overnight The catalyst was CH 2 CONHPh, 2H); 1.93 (t, J -7.2 Hz, rajCONHOH, 

sepaSed ^wSo and nitrate was evaporated to 2H); 1.52 (m, 4H); 1.26 (m, 4H). MS (Fab, Glycenn) 

solid residue. The solid residue was slurried in hexanes 172, 204, 232, 249, 265, (100%, M+ 1). 
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\ 

NHOH 



6.84 (t of t, J=9.4 Hz(2.4Hz), aromatic protons, 1H); 
2.29 (t, CH 2 CONHAr, 2H); 1.93 (t, J=7.2 Hz, 
CH 2 CONHOH, 2H); 1.51 (m, 4H); 1.26 (m, 4H). 

In the same manner the following compounds were 
prepared and characterized: 



m NMR <DMSO-d6, 200 MHz), 6(ppm) 10.31 (s, 
NHOH, 1H); 10.08 (s, NHPh, IH); 8.64 (s, NHOH, 1H); 10 
7.78 (d, J =7.6 Hz, aromatic protons, IH); 7.66 (t, J =7.4 
Hz, aromatic protons, IH); 7.48 (d, J=7.8 Hz, aromatic 
protons, 1H); 7.29 (t, J— 7.4 Hz, aromatic protons, IH); 
2.34 (t, J«7 Hz, CHiCONHAr, 2H); 1.93 (t, J=7.4 Hz, 
CH 2 CONHOH, 2H); 1.58 (m, 4H); 1.27 (ra, 4H). 



O NHOH 




wherein n=4, 5, 6, 7, and 8; and R is 2-, 3-, and 4-cyano; 
15 2-, 3-, and 4-methylcyano; 2-, 3-, and 4-nitro; 2-, 3-, and 
4-carboxy; 2-, 3-, and 4-aminocarbonyl; 2-, 3-, and 4- 
methylaminocarbonyl; 2-, 3-, and 4-dimethylaminocar- 
bonyl; and 2-, 3-, and 4-trifluoromethyl; 



-C-(CH2)6-C 



\ 



20 



*H NMR (DMSO-dfr 200 MHz), 8(ppm) 10.31 (s, 
NHOH, 1H); 10.21 (s, NHPh, 1H); 8.65 (s, NHOH, IH); 
8.09 (s, aromatic proton, 1H); 7.77 (m, aromatic proton, 
1H); 7.49 (m, aromatic proton, 1H); 2.31 (t, J=7.2 Hz, 
CH 2 CONHAr,2H); 1.93 (t, J =7.2 Hz, CH2CONHOH, 
2H); 1.51 (m,4H). 




NH 



\ 



C— (CH2)6— C 



25 



^NHOH 



0 2 N 



/v. 



^ -NH-C-(CH2)6-C^ 



NHOH 



wherein R is 4-hyd>oxylaminocarbonyl; 4-methoxycar- 
bonyl; 4-tetrazoyl; 2-, 3-, and 4-chloro; 2-, 3-, and 4- 
fluoro; 2-, 3-, and 4-methyl; 2-, 3-, and 4-methoxy; 2,3- 
30 difluoro; 2,4-difluoro; 2,5-difluoro; 2,6-difluoro; 1,2,3- 
trifluoro; 3,4,5-trifhioro; 2,4,5-trifluoro; 2,4,6-trifluoro; 
2,3,6-trifluoro; 2,3,5,6-tetrafluoro; 2,3,4,5,6-pentafluoro; 
2-, 3-, and 4-phenyl; 2-, 3-, and 4-benzyloxy; 4-hexyl; 
and 4-t-butyl; 



35 



IH NMR (DMSO-d<>, 200 MHz), S(ppm) 10.35 (s, 
NHAr, IH); 10.31 (s, NHOH, IH); 8.63 (s, NHOH- 
-haromatic proton 2H); 7.88 (d, J=8 Hz, aromatic pro- 
tons, 2H); 7.57 (t, J=8 Hz, aromatic proton, lH);2.33(t, 
J =7.6 Hz, CH 2 CONHAr, 2H); 1.93 (t, J =7.4 Hz, 40 
CH 2 CONHOH, 2H), 1.52 (m, 4H); 1.27 (m, 4H). 



\ 



C-(CH2)6-C 



NH— C-(CH 2 )6-C 



^NHOH 



45 



/XT""- 



^NHOH 
O 



C-<CH2)6-C, 



^NHOH 



IH NMR (DMSO-d& 200 MHz), 6(ppm) 10.33 (s, 
NHOH, IH); 10.15 (s, NHAr, IH); 10.09 (s, NHPh, IH); 
8.66 (s, NHOH, IH); 7.91 (d, J=8.6 Hz, aromatic pro- 30 
tons, 2H); 7.76 (d, J =7.8 Hz, ortho aniline protons, 2H); 
7.71 (d, J= 8.6 Hz, aromatic protons, 2H); 7.33 (t, J«7.6 
Hz, meta anilide protons, 2H); 7.07 (t, J =7.4 Hz, para 
anilide protons); 2.33 (t, J=7.5 Hz, CH 2 NHAr, 2H); 
1.93 (t, J=7.2 Hz, CH 2 CNHH, 2H); 1.51 (m, 4H); 1.28 55 
(m,4H). 



Compounds having the structure: 



NH— C— (CH2)6— C 



60 



^NHOH 



IH NMR (DMSO-d*, 200 MHz), $(ppm) 10.32 (s, 
NHOH, IH); 10.21 (s, NHAr, IH); 8.65 (s, NHOH, IH); 
7.31 (d of d, J=10 Hz(2.2 Hz), aromatic protons, 2H); 



65 



C-(CH2)„-C^ 
o'^ N(CH 3 )2 



wherein n=4, 5, 6, 7, and 8; and R is hydrogen or 
methyl. 

A diacid dichloride (0.01 mol) was added into a 
stirred solution of potassium hydroxide (1.68 g; 0.03 
mol), aniline or N-methylaniline (0.01 mol), and dimeth- 
ylamine hydrochloride (0.805 g; 0.01 mol) in 50% tetra- 
hydrofuran (100 mL). The reaction mixture was stirred 
thirty minutes at room temperature. The solvent was 
partitioned between chloroform (400 mL) and water 
(300 mL). The organic layer was washed with 10% 
hydrochloric acid (3x100 mL), 10% potassium hy- 
droxide (3X100 mL), and water (2x100 mL). The 
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organic layer was dried over anhydrous magnesium (t, J=7.4 Hz, CEfeCO, 2H); LSI (m, 4H); 1.29 (m, 4H). 
sulfate and evaporated. The solid residue was slurried in 
hexanes and .filtered. The yield were 25-34%. 



O 



V/ o 

C-(CH2)«~ C 

/ \ 
O N(CH 3 )2 



C-(CH2)-C 



10 



m NMR (DMSO-de, 200 MHz), 8(ppm) 9.82 (s, 
NHPh, 1H); 7.58 (d, J =7.6 Hz, ortho aromatic protons, 
2H); 7.26 (t, J =7.4 Hz, meta aromatic protons, 2H); 6.99 
(t, J=7.4 Hz, para aromatic proton, IH); 2.85 (d, J =28 
Hz, N(CH 3 )2t *H); 2.28 (t, J=7.2 Hz, CH 2 CO, 2H); 2.24 



\ 

O N<CH 3 )2 

IH NMR (DMSO-d 6 , 200 MHz), 6(ppm) 7.30 (m, 
CeHs, 5H); 3.13 (s, H 3 CNPh, 3H); 2.83 (d, J=26 Hz, 
N(CH 3 ) 2 , 6H); 2.17 (t, J=7.6 Hz, CH2CON(CH 3 )2, 
2H); 1.98 ( t, J=7.4 Hz, CH 2 CON(CH 3 )Ph, 2H); 1.41 
(m,4H); 1.11 (m,4H). 

TABLE 1 



CPD Structure 



\==/ / C-(CH 2 ) n -C^ 

O NHOH 

1 a = 4 (known compound) 

2 n = 5 

3 n = 6 

4 n = 7 

5 n = 8 




C-(CH2)6-C 

# \ 
O OH 



8 _/~\/ H 



\ / \ 



C-(CH2)6-C 
O OH 



\-(CH2)6-C v 



Mol. Optimal Reactive 
Weight Cone. QiM) Cells (%) 



236 


80 


70 


250 


20 


84 


264 


2.5 


70 


278 


20 


8 


292 


20 


15 


274 


31 


44 



274 



294 



225 



115 



50 



32 



20 



\—/ C-(CH2) 6 -C 
/ 

11 (H 3 C)2N^ ^O 
C-(CH2)6-C 
O NHOH 



\ 



OH 



355 



216 



250 



60 



26 
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TABLE 1-continued 



CPD Structure 



Mol. Optimal 
Weight Cone friM) 



12 HO 



C— (CH2)6-C 



\ 



13 H 3 CO 



\ 



NHOH 
O 



C-(CH2)6— C 



\ 



NHOH 



NC{CH2)5— C 



\ 

NHOH 



15 H3COHN 



\ 

C— (CH2)6— C 



\ 



NHOH 



189 250 



203 60 



156 125 



218 20 



270 



/ 

A 

\ 



C-(CH 2 )fi-C 



\ 

NHOH 



C— (CH2>6— C 
O NHOH 

18 (CH 3 )jCONH O 
\ # 
C-(CHz)6-C 

N 

O NHOH 



19 



o 



2S6 



260 31 



278 



CH 2 NH^ J* 
^C— (CH2)6— 
O NHOH 



C-(CH2) 6 — C; 



^NHOH 



Benzidine 
Reactive 
Cells (%) 



35 



30 



24 



20 R = 

21 R = 

22 R 1 

23 R : 

24 R 

25 K 

26 R 

27 R> 

28 R 

29 R 

30 R 

31 R 

32 R 



33 
34 
35 
36 
37 



38 R 

39 R 



4-methyJ 

- 4-cyano 
= 3-cyano 
s 2-cyano 
= 3-nitro 

- 4-nitro 

- 3-trifluoromethyl 
3 4-trifluoromethyl 
s 2-ambio 

s 4-cyano methyl 

= 3-chforo 

= 4-azido (N 3 ) 

a 2-fluoro 

= 3-fluoro 

= 4-fiuoro 

a 4-benzyloxy 

= 4-methyoxycarbonyl 

= 4-methylaiainocarboiiyI 

= 2-bromo 

= 2«chloro 



273 


20 


52 


289 


7 


70 


289 


5 


55 


289 


16 


65 


309 


5 


30 


309 


0.8 


30 


332 


30 


30 


332 


5 


47 


279 


20 


54 


303 


1 


30 


298.5 


2 


33 


304 


2 


47 


282 


4 


65 


282 


1 


25 


282 


4 


43 


370 


4 


20 


322 


4 


28 


321 


30 


16 


343 


8 


45 


298.5 


4 


34 
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TABLE 1 -continued 



CPD Structure 



40 R = 4-bromo 

41 R m 2,3-difluoro 

42 R = 2,4,5-trifluoro 

43 R — 2,3,6-trifluoro 

44 R = 2,4,6-trifluoro 

45 R « 2,4-dffluoro 

46 R = 2,3,4,5,6-pentafluoro 

47 R = 3,4-difluoio 

48 R » 3,4>5-trifluoro 

49 R - 2,5-difluoio 

50 R = 3,5-difluoro 

51 R — 2 : methoxy 

52 R = 3-methoxy 

53 R = 4-mefhoxy 



/ CH 3 



Moi. 
Weight 


Optimal 
Cone. (jiM) 


Benzidine 
Reactive 
Cells <%) 


343 


1.6 


47 


300 


8 


24 


318 


8 


36 


318 


31 


53 


318 


16 


47 


300 


6 


60 


354 


31 


53 


300 


4 


61 


318 


8 


55 


300 


4 


70 


300 


2 


73 


294 


8 


36 


294 


6 


38 


294 


6 


37 


290 


20 


40 



\ / \ 



C-(CH2)6-C 
O NHOH 



O 



256 30 



\=/ acH2)6-c 



H 

5 s 

56 R at 4-trifluoromethyl 

f *r\ SI R = 4(N)^droxylaininocarbottyl 

fcss? 58 R = 4-cyanomethyl 

FS I 59 R = 2,4-difiuoro 

* " 60 R = 2,6-difluoro 

f*l 61 R = 3,5-difluoro 

*** 62 R - 2,3,6-trifluoro 

63 R «= 2,4,6-trifluoro 

64 R = 2,3,4,5,6-pentafluoro 

65 R = 4-nitro 

« °\ f 3 f 3 / 

C—CH— (CHz)s— CH— 
(H3Q2N N(CH3)2 

67 O CH 3 CH3 O 

^C-CH— (CHzk-CH-C^ 
(H3Q2N N(CHj) 2 

68 O CH 3 O 

C-(CH2)2-CH-<CH2)2-C^ 
HOHN NHOH 

69 O^ CONHOH 

^C— (CH2)5-"CH-(CH2) 5 -C^ 
HOHN / NHOH 

70 O F ,0 

X I ^ 

C— (CH2>2— CH— (CH2>2— C^ 
HOffi/' F NHOH 



460 


50 


20 


442 


8 


10 


402 


50 


25 


396 


500 


54 


396 


100 


21 


396 


125 


31 


432 


250 


28 


432 


125 


35 


504 


125 


13 


414 


25 


14 


270 


1250 


80 


256 


2500 


90 


204 


125 


56 


333 


60 


40 


226 


160 


19 
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TABLE 1-continued 



Benzidine 

MoL Optimal Reactive 

CPD Structure Weight Cone QaM) Ceils (%) 



N 

O 



HN 

\ 

C-(CH2)a-C 



S 



71 


n — 4 


310 


100 


8 


72 


o = 5 


324 


250 


10 


73 


n = 6 


338 


50 


7 


74 


n = 7 


352 


100 


10 


75 


tt = 8 


366 


100 


10 



TABLE 2 




Induction of Differentiation of HL-60 






MoL 


Optimal 


NBT 


CPD 


Weight 


ConcOiM) Po: 


otive(%) 


2 


250 


7 


22 


3 


264 


1 


21 


6 


274 


20 


30 


7 


274 


20 


21 


22 


289 


1.7 


28 


21 


289 


2 


6 


26 


332 


6 


27 


25 


309 


3 


IS 


36 


322 


1 


32 


31 


304 


2.5 


7 


29 


303 




15 


43 


318 


2 
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What is claimed is: 2,3,5,6-tetrafluoro, 2,3,4,5,6-pentafluoro, aado, hexyl, 

1. A compound having the structure: t-butyl, phenyl, carboxyl, hydroxyl, methyoxy, pheny- 

loxy, benzyloxy, phenylaminooxy, phenylammocarbo- 
Rl 0 nyl, methyoxycarbonyl, methylaminocarbonyl, dimeth- 

\ # 25 ylamino, d^ethylaminocarbonyl, or hydrox- 

^o-(ch2)b— ylaminocarbonyl group. 
O R2 & A compound of claim 3, wherein R4 is a hydrogen 

atom and R3 is a cyclohexyl group, 
wherein each of Ri and R2 are independently the same 7. A compound of claim 3, wherein R4 is a hydrogen 
as or different from each other; when Ri and R2 are the 30 atom and R3 is a methyoxy group, 
same, each is a substituted or unsubstituted cycloalk- 8. A compound of claim 3, wherein R3 and R4bond 
ylamino, pyridineamino, piperidino, 9-purine- 6-amine, together to form a piperidine group, 
or thiazoleamino group; when Ri and R2 are different, 9. A compound of claim 3, wherein R4 is a hydrogen 
Rl =R3— N— R4, wherein each of R3 and R4 are inde- atom and R3 is a hydroxyl group, 
pendently the same as or different from each other and 35 10. A compound of claim 3, wherein R4 is a hydrogen 
are a hydrogen atom, a hydroxyl group, a substituted or atom and R3 is a benzyloxy group, 
unsubstituted, branched or unbranched alkyl, alkenyl, n. A compound of claim 3, wherein R4IS a hydrogen 
cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or atom and R3 is a S-pyridine group, 
pyridine group, or R3 and R4 bond together to form a 12. A compound of claim 3, wherein R+is a hydrogen 
piperidine group and R2 is a hydroxylamino, hydroxyl, 40 atom ^ Rj ^ a £_ pyr idine group, 
amino, alkylamko, or alkyloxy group; and n is an inte- 13 . A comp oiind 0 f claim 3, wherein R4 is a hydrogen 
ger from about 4 to about 8. atom and R3 is a a-pyridine group. 

2. A compound of claim 1 having the structure: 14 A compouJ1( i Q f r .1aim 3, wherein R3 and R4 are. 

both methyl groups. 

*4 15. A compound of claim 3, wherein R4 is a methyl 

r 3 — N o gr ou P ^3 * s a phenyl group. 

\ # 16. A pharmaceutical composition comprising a phar- 

C <Oi2)j» maceutically acceptable carrier and a therapeutically 

o R2 50 effective amount of the compound of claim 2. 

17. A pharmaceutical composition of claim 16 in 
wherein each of R3 and R4 are independently the same combination with an antitumor agent 
as or different from each other and are a hydrogen ***** 
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